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The escape probability of a photon emitted from a source static in a locally nonrotating frame
is studied. We find that the escape probability of the photon is nonzero in the event horizon limit
for the extreme Kerr-Sen black hole. In contrast, the probability becomes vanishing in the horizon
limit for the nonextreme Kerr-Sen black hole.
I. INTRODUCTION
In a recent work [1], Kota Ogasawara et.al. studied the
escape probability of a photon emitted from a light source
that is at rest in a locally nonrotating frame (LNRF)
near the event horizon of the Kerr-Newman black hole.
Based on the assumption that all photons are emitted
isotropically, they found that the escape probability of
a photon emitted from an extreme Kerr-Newman black
hole is nonzero in the condition that a > 1/2 with a
the spin per unit mass of the black hole. Specifically,
it was obtained that the escape probability becomes a
maximum value approximated to 30% if a = 1. In other
conditions, i.e., 0 6 a 6 1/2 and the Kerr-Newman black
hole is nonextreme, the escape probability of the photon
in the horizon limit is zero. According to the work, if the
Carter constant is zero, the result on the escape proba-
bility of a photon emitted isotropically but confined in
the equatorial plane of a Kerr black hole in Ref. [2] can
be reproduced.
Recently, the Event Horizon Telescope collaboration
released their observation of the shadow of the supermas-
sive black hole candidate in the center of the giant ellip-
tical galaxy M87 [3–8]. The emission ring of the black
hole was restored via different calibration and imaging
schemes and the observed event-horizon-scale image was
shown to be consistent with prospects for a Kerr black
hole shadow [3]. The brightness of the transparent emis-
sion region which reveals a dark shadow is an impor-
tant issue in the observation of the black hole shadow.
To reconstruct the brightness distribution of the source,
signals recorded individually at each station of the very
long baseline interferometry require a common time ref-
erence attained by local atomic clocks which are paired
with the Global Positioning System to assure synchro-
nization [5]. The reconstructed image is characterized
by a bright ring whose diameter is 40 µas and an az-
imuthally asymmetry brightness with interior brightness
depressions [6]. The peaked distribution radial bright-
ness profile declines gradually toward the center and the
contrast of the brightness at the center compared to the
rim was used to confirm the size and width of the cres-
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cent shadow [8]. The brightness of the black hole shadow
is closely related to the escape probability of the photons
[9].
In the region near the black hole, especially the ergo-
sphere between the stationary limit and the event hori-
zon of a rotating black hole, there are typical high-energy
events by which some of the energy of the black hole can
be extracted and taken away. Penrose suggested a pro-
cess that a particle dropping into the ergosphere splits
into two particles, with one swallowed by the black hole
and the other goes back to infinity [10]. Besides the par-
ticle disintegration, there are two-particle collision edi-
tions, whose energy extraction efficiencies are substan-
tially increased, see Refs. [11–16] for recent instances.
To a certain extent, the observability of these high-energy
events depends on the escape probability of the massive
or massless particles from the region near the black hole
[1].
Besides, the first gravitational waves signal from a bi-
nary neutron star (designated GW170817) merger was
observed to be accompanied by a short gamma-ray burst
(designated GRB 170817A) [17], after the first direct de-
tection of gravitational waves and the first observation
of a binary stellar-mass black hole merger by the Laser
Interferometer Gravitational-Wave Observatory (LIGO)
and Virgo [18]. A bright optical transient (identified as
AT 2017gfo), X-ray and radio emission were also discov-
ered across the electromagnetic spectrum [17]. This ren-
ders that the study of the emission rate, or escape proba-
bility, of the electromagnetic waves from a massive com-
pact object like a neutron star or a black hole benefits
the multi-messenger observations of the massive merger.
Recently, in [19], we explored the escape probabilities
for both massless photons and massive particles being
at rest in a locally non-rotating frame (LNRF) from the
Kerr-Sen black hole [20]. The particle source was put
on the equatorial plane and we assumed that the emit-
ted particles are confined in the equatorial plane. One of
our findings is that the escape probabilities of massless
photons and massive particles share qualitatively simi-
lar properties. In this paper, as a generalization of the
work, we will consider that the photons escape isotrop-
ically from an equatorial source and are not confined in
the equatorial plane in the well-known Kerr-Sen black
hole background. Different to the results on the escaping
properties of photons in the Kerr-Newman background
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2in Ref. [1], as to be seen in what follows, ours here show
that all the extreme Kerr-Sen black holes own nonzero
photon escape probabilities in the horizon limit. In sec-
tion II, we will define the emission angles of the photons
in the Kerr-Sen spacetime. In section III, we will get the
escape cones and evaluate the escape probabilities for the
photons in the extreme/nonextreme Kerr-Sen black hole
background. The last section will be devoted to our re-
marks.
II. EMISSION ANGLES OF PHOTONS IN THE
KERR-SEN SPACETIME
The Kerr-Sen line element in the low-energy effective
field theory for heterotic string theory can be written in
the Boyer-Lindquist coordinates as [20]
ds2 =− ∆ρ
2
c
Ξ
dt2 +
ρ2c
∆
dr2 + ρ2cdθ
2 +
Ξ sin θ
ρ2c
(dφ− ωdt)2
=− ∆− a
2 sin2 θ
Σ
dt2 +
Σ
∆
dr2 + Σdθ2
+
Ξ sin2(θ)
Σ
dφ2 − 4Mra sin
2 θ
Σ
dtdφ,
(1)
where
ρ2 = r2 + a2 cos2 θ, ρ2c = ρ
2 + 2cr = Σ,
δ = r2 + a2 + 2cr, ∆ = δ − 2Mr,
Ξ = δ2 −∆a2 sin2 θ, ω = 2Mar/Ξ,
c = Q2/(2M), a = J/M,
with M, Q , J , c are mass, U(1) charge, angular momen-
tum, and twist parameter of the black hole, respectively.
The Kerr geometry can be recovered once we set c = 0.
∆ = 0 yields the Cauchy horizon and the event horizon
of the black hole as
rI = M − c−
√
(M − c)2 − a2, (2)
rH = M − c+
√
(M − c)2 − a2. (3)
To ensure the regularity of the horizons and avoid the
occurrence of naked singularity, we must keep
0 6 a 6 a+ c 6M. (4)
The black hole becomes extreme if a+ c = M .
Using the Hamilton-Jacobi method or solving the
geodesic equation, one can obtain the four-momentum
of a photon on geodesic orbit expressed in terms of the
first-order differential system as
Σpt =
δ
∆
(eδ − al)− a(ae sin2 θ − l), (5a)
Σpr = σr
√
R¯(r), (5b)
Σpθ = σθ
√
Θ¯(θ), (5c)
Σpφ =
a
∆
(eδ − al)− csc2 θ(ae sin2 θ − l), (5d)
where
R¯(r) = (Eδ − aL)2 −∆ [Q+ (L− aE)2] ,
Θ¯(θ) = Q− (L2 csc2 θ − a2E2) cos2 θ
are the radial effective potential and the longitude an-
gular effective potential, which, after introducing dimen-
sionless parameters
b =
l
e
, q =
Q
e2
, (6)
can be rewritten as
R(r) ≡ R¯(r)
e2
= (ab− δ)2 −∆ [q + (b− a)2] , (7)
Θ(θ) ≡ Θ¯(θ)
e2
= q − (b2 csc2 θ − a2) cos2 θ. (8)
E ,L ,Q are conserved energy, conserved angular mo-
mentum parallel to the black hole symmetry axis and
Carter constant [21] corresponding to the Killing vec-
tors ∂t, ∂φ and the Killing-Yano tensor field, respectively.
σr, σθ = ±1 determine the direction of the photon trajec-
tory and they are independent of each other. The four-
momentum of the photon is defined by pa = (∂/∂λ)a
with λ the affine parameter related with the proper time
τ of the photon with rest mass µ by λ = τ/µ.
Rather than describing physics in the inconvenient
Boyer-Lindquist coordinates for the Kerr-Sen metric (1),
we would like to introduce the orthonormal tetrad
e (t)µ =
(√
∆Σ
Ξ
, 0, 0, 0
)
, (9a)
e (r)µ =
(
0,
√
Σ
∆
, 0, 0
)
, (9b)
e (θ)µ = (0, 0,
√
Σ, 0), (9c)
e (ϕ)µ =
(
−2aMr sin θ√
ΞΣ
, 0, 0, sin θ
√
Ξ
Σ
)
, (9d)
carried by an observer rotating with the black hole, i.e.,
an LNRF [22], so that we can use relations
e(a) = e (a)µ dx
µ, (10)
e(a) = e
µ
(a)
∂
∂xµ
(11)
to transform the basis vectors back and forth between
Boyer-Lindquist coordinate frame and the LNRF frame.
The physically measured LNRF components of the
photon’s four-momentum can be got by
p(a) = pµe (a)µ , (12)
3FIG. 1. Projection of the momentum p(t) in the observer’s
LNRF for a photon. We choose e(θ) as the southward direc-
tion. α is positive in the direction e(φ).
which gives
p(t) =
√
∆
ΞΣ
[
δ(δe− al)
∆
+ a
(
l − ae sin2 θ)] , (13a)
p(r) =σr
√
R
∆Σ
, (13b)
p(θ) =σs
√
Θ
Σ
, (13c)
p(φ) = sin θ
[
2aMr
(
a2∆e sin2 θ + al(δ −∆)− δ2e)
∆Σ
√
ΞΣ
(13d)
+
(
∆l csc2 θ − a(al + e(∆− δ)))
∆Σ
√
Σ/Ξ
]
. (13e)
Considering a light source staying at rest with a radial
position r = r∗ on the equatorial plane of the Kerr-Sen
black hole, the emission angles (α, β) of a photon con-
cerning the LNRF can be defined by
p(r) = p(t) cosα sinβ, (14a)
p(θ) = −p(t) cosβ, (14b)
p(φ) = p(t) sinα sinβ, (14c)
where we have used the relation p(a)p(a) = 0 for the mass-
less photon and we have p(t) > 0 due to the forward-in-
time condition. As shown in Fig. 1, the angular coor-
dinate α is the angle between e(r) and the projection of
p(t) on the e(r) − eφ plane, the angular coordinate β is
the angle between −eθ and p(t). The domains of α, β
are [−pi, pi] and [0, pi], respectively. Starting from this
definition, the emission angles can be solved as
sinα =
p(φ)√(
p(r)
)2
+
(
p(φ)
)2 , (15a)
tanα =
p(φ)
p(r)
, (15b)
and
sinβ =
√(
p(r)
)2
+
(
p(φ)
)2
p(t)
, (16a)
cosβ = −p
(θ)
p(t)
, (16b)
which show that the emission angles are associated with
some key parameters as
α =α(σr, b, q, r∗), (17)
β =β(σθ, b, q, r∗). (18)
The range of the emission angles can be appointed as
−pi 6 α(σr = −1, b 6 0, q, r∗) 6 −pi
2
, (19a)
pi
2
6 α(σr = −1, b > 0, q, r∗) 6 pi, (19b)
−pi
2
6 α(σr = 1, b 6 0, q, r∗) 6 0, (19c)
0 6 α(σr = 1, b > 0, q, r∗) 6
pi
2
, (19d)
and
0 6 β(σθ = −1, b, q, r∗) 6 pi
2
, (20a)
pi
2
6 β(σθ = 1, b, q, r∗) 6 pi. (20b)
Note that α = pi is equivalent to α = −pi and both of
them correspond to b = 0. The photon moves on the
equatorial plane for q = 0.
III. ESCAPE CONES AND ESCAPE
PROBABILITIES OF PHOTONS ESCAPING TO
INFINITY
To facilitate our reader, we here will use most of our
denotations as those in Ref. [1]. We set M = 1. As the
light source we choose is located on the equatorial plane
of the Kerr-Sen black hole, we have q > 0 according to
Eq. (8). By solving R = 0, the radial turning points of
the photon can be obtained as
b = b1(r) (21)
=
√
a4∆− 2a2δ∆ + a2∆q + δ2∆−∆2q − 2ar
∆− a2 , (22)
and
b = b2(r) (23)
=
−
√
a4∆− 2a2δ∆ + a2∆q + δ2∆−∆2q − 2ar
∆− a2 .
(24)
b2 diverges at rb2 =
√
c2 − 2c− a2 + 1− c+ 1. To make
R > 0, we should have
b 6 b1 for rH 6 r < rb2 , (25)
4b2 6 b 6 b1 for r > rb2 . (26)
rH r1 r0 r2
r
f(rH)
q
f(r0)f(r)
rH r1 r2r0
r
q
f(r0)
f(r)
FIG. 2. Schematic diagrams of f(r). r1 and r2 are shown to
be roots of Eq. (28). Top: f(r) for extreme Kerr-Sen black
hole. Bottom: f(r) for nonextreme Kerr-Sen black hole.
The extreme values of bi (i = 1, 2) are
bsi ≡ bi(ri)
= −a
2(c+ ri + 1) + ri
(
2c2 + c(3ri − 2) + (ri − 3)ri
)
a(c+ ri − 1) ,
(27)
where ri is the solution of b
′
i(ri) = 0 and r1 < r2.
We have the conditions that q > 0 as well as r∗ > rH ,
but there still exist two possibilities, i.e., r∗ 6 r1 and
r∗ > r1. To further confirm the relation between r1 and
rH , we need to analyze the equation
q = f(r)
= −
r2
((
2c2 + c(3r − 2) + (r − 3)r)2 − 4a2(c+ r))
a2(c+ r − 1)2 ,
(28)
which is solved from b′i(r) = 0. By calculation, we know
that f(r) becomes maximum at r = r0 with
0 6 r0 =
1
2
(√
c2 − 10c+ 9− 3c+ 3
)
6 3, (29)
4 6 f(r0)
=
2
(√
c2 − 10c+ 9− 3c+ 3)2 (√c2 − 10c+ 9− b+ 3)(√
c2 − 10c+ 9− c+ 1)2
6 27,
(30)
as well as
f(rH) = 4a− a2 > 0 for a+ c = 1, (31)
f(rH) =
(−c+ χ+ 1)2 (a2 − 2 (c2 + cχ+ χ+ 1))
a2
<
(−c+ χ+ 1)2 (a2 − 2 (c2 + 1))
a2
< 0
for a+ c < 1,
(32)
where χ =
√
(b− 1)2 − a2. We show schematic diagrams
for the two kinds of f(r) in Fig. 2. Different to the Kerr-
Newman case in Ref. [1], we have q > 0 at the event
horizon for extreme Kerr-Sen black hole and q < 0 at the
event horizon for nonextreme Kerr-Sen black hole. As a
result, we can know that there exist three cases about
the relations of r1, rH and r∗, which are
Case (1): r1 < rH < r∗,
Case (2): rH ≤ r1 < r∗,
Case (3): rH < r∗ ≤ r1.
(33a)
(33b)
(33c)
We now determine the boundary of escape cone for a
photon from the extreme or nonextreme Kerr-Sen black
hole case by case. We will restrict the light source in
the range rH < r∗ ≤ r0 as the calculation is similar for
r > r0.
Case (1) This case appears only for extreme Kerr-Sen
black hole as r1 < rH , which can be observed in the top
diagram of Fig. 2. Combing the left diagram in Fig. 3
with the radial effective potential (7), we can know that
there are two critical conditions that the photons just
cannot escape to infinity. One is a radially inward photon
with the impact parameter b = b1(rH) and the other is
a radially outward photon with the impact parameter
b = bs2. The radial momentum of the photon with the
impact parameter bs2 vanishes. So the critical angles that
a photon can escape from the extreme Kerr-Sen black
hole to infinity are(
α(1), β(1)
)
ext
= (α, β)|[σr=−1, b=b1(rH), 06q<f(rH)]
∪ (α, β)|[σr=1, b=bs2, 06q<f(rH)] ,
(34)
where b1(rH) = 2.
Case (2) As r1 > rH , we have f(rH) 6 q < f(r∗)
for extreme Kerr-Sen black hole and 0 6 q < f(r∗) for
5rH r*r1 r2 r
b1(r*)
b1(rH)
b2
s
b
rH r*r1 r2 r
b1(r*)
b1
s
b2
s
b
rH r* r1 r2 r
b1
s
b2
s
b
FIG. 3. The impact parameters bi are shown for cases (1)-(3) in sequence. The photon with outward radial momentum can
escape from the Kerr-Sen black hole in the range marked by the vertical red arrow. The photon with inward radial momentum
can escape from the Kerr-Sen black hole in the range marked by the vertical blue arrow.
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FIG. 4. Critical angles for extreme Kerr-Sen black hole. The vertical axes and horizontal axes stand for β(i) and α(i),
respectively. Left: a = 1, r = 1.01, 1.5, 2 from inside to outside. Middle: a = 0.5, r = 0.51, 0.75, 1 from inside to outside. Right:
a = 0.2, r = 0.21, 0.3, 0.4. The cyan, red and yellow curves individually stand for the former parts of
(
α(i), β(i)
)
in Eqs. (34),
(35) and (37), whose latter parts are represented by the green curves.
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FIG. 5. Variations of the escape probabilities with respect to
the radial position for the photons emitted from the extreme
Kerr-Sen black hole.
nonextreme Kerr-Sen black hole. As shown in the mid-
dle diagram of Fig. 3, photons with impact parameters
bs1 and b
s
2 can just move inward to a bounded circular
orbit with radius r = r1 and move outward to the other
bounded circular orbit with radius r = r2, respectively.
As a result, in this case, the critical angles that photons
can escape from the extreme Kerr-Sen black hole to in-
0.0 0.2 0.4 0.6 0.8 1.0
0.00
0.05
0.10
0.15
0.20
0.25
0.30
a
P
FIG. 6. Variations of the escape probabilities with respect to
the angular momentum of the extreme Kerr-Sen black hole
for the emitted photon in the horizon limit.
finity are(
α(2), β(2)
)
ext
= (α, β)|[σr=−1, b=bs1, f(rH)6q<f(r∗)]
∪ (α, β)|[σr=1, b=bs2, f(rH)6q<f(r∗)] ,
(35)
and the critical angles that photons can escape from the
nonextreme Kerr-Sen black hole to infinity are(
α(2), β(2)
)
n−ext = (α, β)|[σr=−1, b=bs1, 06q<f(r∗)]
∪ (α, β)|[σr=1, b=bs2, 06q<f(r∗)] .
(36)
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FIG. 7. Critical angles for non-extreme Kerr-Sen black hole with K = 0.999. The vertical axes and horizontal axes stand for
β(i) and α(i), respectively. Left: a = 0.98, r = 1.0253, 1.033, 1.06 from inside to outside. Middle: a = 0.7, r = 0.7386, 0.76, 0.8
from inside to outside. Right: a = 0.3, r = 0.3257, 0.36, 0.4. The red and yellow curves individually stand for the former parts
of
(
α(i), β(i)
)
in Eqs. (36) and (37), whose latter parts are represented by the green curves.
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FIG. 8. Variations of the escape probabilities with respect to
the radial position for the photons emitted from the nonex-
treme Kerr-Sen black hole with K = 0.999.
Case (3) There is not any radially inward photon that
can escape from the Kerr-Sen black hole to infinity in
this case. According to the right diagram in Fig. 3, the
condition that the radially outward photons can go to
infinity is bs1 < b < b
s
2. Consequently, we get the critical
angles of photons escaping from extreme or nonextreme
Kerr-Sen black hole to infinity as(
α(3), β(3)
)
= (α, β)|[σr=1, b=bs1, f(r∗)6q<f(r0)]
∪ (α, β)|[σr=1, b=bs2, f(r∗)6q<f(r0)] .
(37)
According to cases (a)-(c), we obtain the boundary of
the escape cone for the photon escaping from the extreme
or nonextreme Kerr-Sen black hole to infinity as
∂S =
⋃
i=1,2,3
{(
α(i), β(i)
)∣∣
σθ=1
,
(
α(i), β(i)
)∣∣
σθ=−1
}
.
(38)
The escape cone S is the solid angles surrounded by the
critical angles. Note that the escape cone is symmetric
to the equatorial plane of the Kerr-Sen black hole, which
means β(i)|σθ=−1 = pi − β(i)|σθ=1.
Supposing that photons are emitted isotropically from
the light source near the Ker-Sen black hole, the escape
probability of the photons can be defined by
P (r∗) ≡ 1
4pi
∫
S
dα dβ sinβ. (39)
In Ref. [1], the escape probability of photons emitted
from a light source near the Kerr-Newman black hole
was calculated using the coordinates ri, as
P (r∗) ≡
2∑
i=1
(−1)i
2pi
∫ r0
rc,i
dri
dα
dri
cosβi, (40)
where rc,i are solutions of f(r) = 0. We realize that the
escape probability can be written in form of
P (r∗) ≡ − 1
4pi
∫
S
dα d cosβ, (41)
which means the probability is related to the warped es-
cape cone α− cosβ whose area can be calculated by nu-
merical method.
Since the escape cones and escape probabilities of pho-
tons around extreme Kerr-Sen black hole are different
from the nonextreme Kerr-Sen black hole case, we will
now evaluate them separately.
A. Extreme Kerr-Sen black hole
The horizon of the extreme Kerr-Sen black hole is rh =
a. The impact impacter reads
bsi = −
r2i
a
− a+ 2ri + 2, (42)
where ri can be obtained from
q = f(ri) = −
r2i
(
4a2 − 4a(ri + 1) + r2i
)
a2
. (43)
We show critical angles for photons emitted from a light
source near the extreme Kerr-Sen black hole in Fig. 4.
We can see that even if the position of the light source ap-
proaches the horizon, the escape cone of the photon does
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FIG. 9. Critical angles for non-extreme Kerr-Sen black hole with K = a. The vertical axes and horizontal axes stand for β(i)
and α(i), respectively. Left: a = 0.98, r = 1.2, 1.4, 1.6 from inside to outside. Middle: a = 0.7, r = 1.715, 2.2, 2.4 from inside to
outside. Right: a = 0.3, r = 1.9543, 2.68, 2.75. The red and yellow curves individually stand for the former parts of
(
α(i), β(i)
)
in Eqs. (36) and (37), whose latter parts are represented by the green curves.
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FIG. 10. Escape probability of the photon emitted from the
nonextreme Kerr-Sen black hole with K = a.
not vanish. We further evaluate the escape probabili-
ties of the photons at different positions around extreme
Kerr-Sen black hole with different angular momentum in
Fig. 5. We know that the escape probability of the pho-
ton increases with radial distance relative to the horizon.
As seen in Fig. 6, the escape probability of the photon in
the horizon limit increases with the angular momentum
a of the extreme Kerr-Sen black hole. Note that P → 0
for a→ 0, and P ∼ 0.292 for a = 1 (which is the extreme
Kerr black hole case that has been discussed in Ref. [1]).
B. Nonextreme Kerr-Sen black hole
We set c = K − a with 0 < K < 1 for the nonetreme
Kerr-Sen black hole. In Fig. 7 and Fig. 8, we show the
escape cones and the escape probabilities of the photons
near the horizon of the nonextreme Kerr-Sen black hole
with K = 0.999. We can see that the escape cones shrink
and the escape probabilities decrease with the decreas-
ing of the radial distance relative to the horizon of the
nonextreme Kerr-Sen black hole. Especially, when the
light source approaches to the horizon, the escape cones
become vanishing and the escape probabilities become
zero. When we set c = 0 for the nonextreme Kerr-Sen
black hole, we can see similar results as shown in Figs. 9
and 10.
IV. CLOSING REMARKS
The observations of the black hole shadow, high-energy
physics and electromagnetic spectrum accompanied by
gravitational waves from the black hole merger to some
extent rely on the escape probabilities of the particles
from the black hole. We investigated the escape probabil-
ity of the photons from the Kerr-Sen black hole, inspired
by the work in Ref. [1] where the escape probabilities
of the photons in the Kerr-Newman spacetime were ex-
plored.
The light source was set to be at rest in a locally nonro-
tating frame on the equatorial plane of the Kerr-Sen black
hole. After defining the emission angles, we calculated
the escape cones and escape probabilities of the isotropi-
cally emitted photons both from extreme and nonextreme
Kerr-Sen black holes. As a result, we found that, under
the extreme Kerr-Sen black hole background, the escape
cones are nonvanishing and the escape probabilities are
nonzero in the event horizon limit; under the nonextreme
Kerr-Sen black hole background, the escape cones shrink
to be null and the escape probabilities become zero in
the event horizon limit. Our result makes it clear that
near horizon physics of the extreme Kerr-Sen black hole
is more visible than that of the non-extreme Kerr-Sen
black hole.
Our result is different from the one in Ref. [1] which
shows that not all extreme Kerr-Newman black holes
share nonzero photon escape probabilities in the hori-
zon limit. We evaluated the escape probabilities of pho-
tons directly by calculating the area of the warped escape
cones, which is also different from the way used in Ref. [1]
where intermediate variables r1 and r2 where the impact
parameters get extreme values were used. Nevertheless,
we find a common property for the escaping probabil-
ity, that is, if the emissions do not vanish in the horizon
limit, the escape probabilities increase with the angular
8momentum of both kinds of black holes.
It will be instructive to investigate the photons emitted
from a light source moving on the circular orbit [23] and
other kinds of sources [24, 25] in the Kerr-Sen black hole
background. It is also meaningful to study the escape
probability of the photon from a source off the equatorial
plane based on the discussion of the photon emissions in
Ref. [26]. We will leave them as future work.
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